We estimate a multivariate unobserved-components (UC) model of U.S. real GNP and consumption which, following Kim and Murray (2002) , incorporates regime-switching in both the permanent and transitory components. We begin first with our results, and then back up to discuss the underlying model. We uncover a surprising, and very strong, temporal pattern to recessions: the permanent component leads the transitory component both when entering and leaving recessions.
Suppose that the trend of output is a random walk with drift 1 µ when the permanent component is in the recession state ( =1) and drift Table 1 , which presents estimates of the transition probabilities for moving from one state to another and can be used to trace out the pattern of and over t business cycle. The first column of Table 1 shows how recessions begin. When the econ in an expansion ( 0 P S = and ) it tends to stay there (probability = 0.93), but when it finally enters a recession it does so because of a shock to the permanent component. We see in the third column that this situation is most likely to persist for another quarter, but with probability equal to 0.24 a transitory shock will pile on top of the permanent shock. When this happens, the most likely outcome in the next quarter (from the fourth column) is the permanent component switches back to expansion while the transitory component persists in recession. This summary oversimplifies our results, which we describe with greater care below. But this does give the central, and we think surprising, lesson of the paper: permanent shocks temporally lead transitory shocks in the business cycle.
The decomposition of aggregate measures of output into permanent and transitory components, with the components often used as measurements of "trend" and "cycle", is a primary tool for modern analysis of the business cycle. The UC approach of Harvey (1985) and Clark (1987) is a popular methodology for performing trend/cycle decomposition. The literature applying UC models to measures of economic activity has typically adopted two assumptions.
First, linear time-series models such as ARMA processes are used to describe the unobserved components. Second, the permanent and transitory components are assumed to be independent.
Recently, Kim and Murray (2002) , using a multivariate framework of monthly economic indicators, extended the UC model to allow for nonlinear dynamics in both the permanent and transitory components. 1 Using Markov-switching techniques, these authors allow for two distinct business cycle phases, expansion and recession, over which the time-series dynamics of the permanent and transitory components differ. 2 However, the assumption of independent unobserved components is maintained. Morley, Nelson and Zivot (2003) , working with a linear UC model of real GDP, relax the assumption of independent unobserved components, and document substantial contemporaneous correlation between the shocks to the permanent and transitory components.
The empirical UC model used in this paper incorporates both nonlinear dynamics and dependence between the observed components. Specifically, we specify real GNP and consumption as a cointegrated system with a common, random walk, stochastic trend. The deviation from the common stochastic trend is the transitory component of each series, which is modeled as arising partly from common shocks and partly from shocks idiosyncratic to each series. To capture recession and expansion phases, we allow for regime shifts in the mean growth rate of the common stochastic trend as in Hamilton (1989) , and in the mean of the transitory component as in Kim and Nelson (1999a) Recessions can be usefully characterized by a typical pattern: Recessions begin with a switch to the recession state in the permanent component, characterized by a reduction in the mean growth rate of the common stochastic trend. During most recessions, following the reduction in trend growth rate a corresponding switch to the recession state in the transitory component occurs, characterized by large negative reductions to its level. The effects of the regime shift in the transitory component contribute a bit more to movements in real GNP during recessions than the slowdown in the growth rate of the common stochastic trend. In the majority of recessions, the permanent component then switches back to its expansionary state, in most cases at least one quarter before the transitory component exits the recession state. The recession then ends and the economy gradually asymptotes to its new growth path.
In this paper we are primarily interested in documenting stylized facts regarding the dynamic relationship between permanent and transitory components of the business cycle.
However, the result that recessions begin with a switch in the permanent component, rather than a switch in the transitory component, may suggest sources underlying the recessions. In particular, permanent and transitory components of business cycles are often interpreted as "trend" and "cycle". To the extent that variation in trend and cycle are due to different sources, such as technology vs. demand shocks, our empirical results may suggest a prominence of one of these sources in triggering recessions.
In the following section we formally present the empirical model. Section 3 reports and interprets the estimation results. Section 4 concludes.
Model Specification

A Time-Series Model of the Business Cycle
Consider the following unobserved-components model of business cycle fluctuations: Here, the log of real GNP and the log of real consumption of non-durable goods and services are divided into a common stochastic trend , a common transitory component, , and idiosyncratic transitory components and . This specification is based on simple neoclassical growth models such as that in King, Plosser and Rebelo (1988) second is the idiosyncratic transitory components, e hese are assumed to e olve according to a regime-switching, stationary autoregression "plucking model" as in Kim and Nelson (1999a) . plucked down, the faster the growth of the economy as it "bounces back" or "peak-reverts" to trend. Note that this sort of pattern is consistent with Friedman's (1964 Friedman's ( , 1993 ) "plucking" model of business cycles. 
3 Note that the two idiosyncratic components share the same Markov-switching state variable, introducing a source of common dynamics into these "idiosyncratic" components. The model could be modified so that the regime shifts enter the common transitory component instead. We make the former modeling choice to avoid having the loading factor on the common transitory component scale both the variance of shocks to the common transitory component and the size of the effect of the regime shifts. 4 See also Beaudry and Koop (1993) and Sichel (1994) . 5 Preliminary estimation suggested that if a productivity slowdown is not incorporated the autoregressive dynamics of are very persistent. This is consistent with Perron's (1989) finding that unit root tests are biased towards nonrejection if a break in mean growth has occurred and is not allowed. Our results are robust to dating the structural break to the late 1960's, as suggested by Bai, Lumsdaine and Stock (1998) . we consider is in the volatility of U.S. real GNP, which has seen a marked reduction in the last 20 years. Kim and Nelson (1999b) and McConnell and Perez-Quiros (2000) both date this break to 1984. To account for this volatility reduction we define:
where is 0 before the first quarter of 1984 and 1 thereafter.
Modeling the Relationship between Regime Shifts in the Permanent and Transitory Components
In this subsection we discuss the methodology used to allow the timing of regime shifts in the permanent and transitory components to be correlated. 
, | ,
For particular realizations of and these can be represented with the notation,
For example, would correspond to . These transition probabilities are summarized in the following table in which the m, n'th element is the probability of moving to the value of and specified in row m given that the values of
were as in column n: Finally, for comparison purposes we will be interested in a model in which and are independent, so that the stochastic process for and can be completely described based on their own lagged values. That is, we estimate transition probabilities of the form:
Here, there are eight transition probabilities, which can be used to recover the 16 transition probabilities in (7) as follows:
Empirical Results
Data
The data are quarterly observations on 100 times the logarithm of U.S. real GNP and U.S.
real consumption of non-durables and services. The latter series was constructed from total consumption and consumption of durable goods using the Tornqvist approximation to the ideal Fisher index described in Whelan (2000) . The data span from the first quarter of 1952 to the second quarter of 2003.
Evidence on Integration and Cointegration
The model in Section 2 imposes a common stochastic trend in the logarithms of output and consumption. Thus, we are interested in testing for a unit root in each of these series, and for cointegration between the series. Dickey and Fuller (1979) and Said and Dickey (1984) , we fail to reject the null hypotheses that the logarithm of real GNP and consumption are integrated at the 10% level. With regards to cointegration, the neoclassical growth theory that motivates the cointegration of the logarithms of real GNP and consumption gives a theoretical cointegrating vector of (1,-1), suggesting the difference between these series will be stationary. In this case, one approach to test for cointegration, advocated by Stock (1994) , is simply to apply ADF tests to the difference between the logarithm of real GNP and real consumption of non-durable goods and services. Based on this test, we reject the null hypothesis of no cointegration at the 1% level. This is consistent with the results of other investigations of the cointegration properties of output and consumption, such as King, Plosser, Stock and Watson (1991) , Bai, Lumsdaine, and Stock (1998) and Stock and Watson (1999) . 
Maximum Likelihood Estimation
The model described in Section 2 is estimated via Kim's (1994) 
The Relationship between Regime Shifts in the Permanent and Transitory Components
In this subsection we describe the estimation results for the model described in Section 2.
Throughout the discussion, we have referred to and as switching between expansion and recession phases. Thus, we are first interested in whether the estimated switches in these state variables match the timing of recessions for the U.S. economy established by the NBER. Figure   1 shows the filtered probability that either or is one, given by How do the model's parameters change from expansion to recession? Table 3 We turn now to an examination of the dynamic relationship between switches in the permanent and transitory component from expansion to recession, that is between and .
Our first task is to evaluate the statistical significance of the correlation between these state variables. From Table 3 , the log likelihood for the estimated model is 56.08. We then estimate a restricted version of the model in which and are independent. Operationally, this is done by enforcing the restrictions detailed in equations (8) and (9) What does this pattern of the business cycle suggest for the dynamic relationship between and ? Before characterizing this correlation, it is useful to distinguish between two different types of recessions identified by the transition probabilities in Table 1 . In the first, the transitory component never switches into its recession state, and thus there is no relationship between the timing of switches in and . In the second type of recession, both the permanent and transitory component enters the recession state at some point during the recession. It is this second type of recession that is of interest for investigating the dynamic relationship between and .
The transition probabilities suggest that in recessions for which both the permanent and transitory components enter their recession state, tends to lead both when entering and leaving recessions. In the case of the beginning of recessions, this is clear from the transition probabilities in Table 1 , which indicate that recessions begin with a shift, by itself, of the permanent component into its recession state. Indeed, there is no other way in which a recession can begin according to the transition probabilities in the first column. The tendency of to lead when leaving recessions is less obvious from the transition probabilities in Table 1 . To evaluate this, we simulated 1000 recession episodes from the four-state transition probability matrix in Table 1 , keeping only those simulations for which both the permanent and transitory components switched to their recession states during the recession. Of 1000 such simulations, the permanent component exited its recession state prior to the transitory component 76% of the time. 
Evidence on the Relative Importance of the Permanent and Transitory Components
The above discussion characterized the correlation between the two recession state variables, and . In this subsection we use the estimated model to obtain measures of the relative importance of the permanent and transitory components for explaining fluctuations in real GNP.
P t S T t S
First, we investigate the relative importance of the regime shifts in the permanent and transitory components for explaining output losses in real GNP during recessions. To do so, we perform a simulation experiment in which 1000 recession episodes are generated from the transition probabilities in Table 1 . In the simulation we focus only on those recessions for which both the permanent and transitory components enter their recession state. For each recession episode, three counterfactual GNP series are simulated. The first is based on the estimated parameters from Table 3 , with the exception that Figure 2 plots the probability that the transitory component has shifted into its recession state,
and the probability that the permanent component has shifted into its recession state, 
What is the relative importance of the permanent and transitory components in explaining the variability in real GNP growth? To answer this question, we simulated 1000 real GNP series from the parameter estimates in Table 3 and the transition probabilities in Table 1 . We find that the standard deviation of the growth rate of the permanent component, t x ∆ , is 0.38, while the standard deviation of the growth rate of the sum of the common and idiosyncratic transitory component, is 0.79. Thus the transitory component is quite important in explaining overall variability in real GNP.
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In sum, the evidence from these various measures suggest that both the permanent and transitory component play a role in explaining fluctuations in real GNP both over the business cycle and during recessions, with the transitory component the more important of the two. Note that this stands in contrast to the evidence presented by Beveridge and Nelson (1981), Nelson and Plosser (1982) and Campbell and Mankiw (1987) , who find, using linear time series models, that the majority of output fluctuations in the United States are due to permanent shocks.
Instead, our results are consistent with recent studies using nonlinear models to investigate this question, such as Kim and Murray (2002) and Kim and Piger (2002) . Cochrane (1994) and Fama (1992) have both argued that aggregate consumption of nondurable goods and services is close to a random walk process, consistent with the permanent income hypothesis. This, along with the cointegration of consumption and real GNP, suggests that consumption is close to the common stochastic trend shared with real GNP. Are the parameter estimates in Table 3 
Evidence on the Dynamics of Consumption
Conclusion
In this paper we have investigated the relationship between permanent and transitory components of U.S. recessions in a model that explicitly incorporates business cycle asymmetry.
In particular we specify a cointegrated model of real GNP and consumption which separates both series into permanent and transitory components, the dynamics of which are allowed to undergo regime shifts between expansion and recession states. The timing of switches from expansion to recession in the permanent component is allowed to be correlated with those in the transitory component. The parameter estimates suggest a specific pattern of recessions: Switches in the permanent component lead switches in the transitory component both when entering and leaving recessions. 
